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Strain rate and oxidation eﬀects on crack 
initiation at 600 and 650 °C in a nickel-based 
superalloy
M. Perrais1,2, A. Seror2, A. Burteau3, E. Andrieu1 and D. Poquillon1 
Nickel-based superalloys are sensitive to an oxidation-assisted intergranular crack (OAIC) growth 
mechanism. Crack initiation during slow strain rate tensile tests is investigated at 600 and 650 °C, at 
different strain rates, with or without oxidation on a direct-aged material. A V-shaped sample geometry 
is used to promote damage initiation for a speciﬁc stress triaxiality. The critical mechanical loading paths 
inducing intergranular crack initiation as well as the effect of oxidation are discussed.
Keywords: Ni-based superalloys, Direct aged alloy 718, Oxidation, Environment assisted cracking
Introduction
Alloy 718 is a nickel-based superalloy used for a wide range 
RI DSSOLFDWLRQV LQ ¿HOGV LQFOXGLQJ DHURVSDFH FKHPLFDO DQG
QXFOHDUHQJLQHHULQJ0DQ\VWXGLHVKDYHEHHQGHYRWHGWR LWV
PHFKDQLFDOEHKDYLRXUGXULQJIDWLJXHWHVWV1–4 creep tests5–7 and
creep- fatigue tests.8–12+RZHYHUPRVWRIWKHPKDYHIRFXVHGRQ
standard solution-treated and aged condition 718 alloys (STD 
 ZKRVH PLFURVWUXFWXUH1012 GLIIHUV IURP WKH GLUHFWDJHG
PDWHULDO'$7KLVVWXG\LVGHYRWHGWR'$XVHGLQ
ORZSUHVVXUHWXUELQHGLVFVRIDLUFUDIWHQJLQHV7KHHOHYDWHGWHP-
SHUDWXUHIDWLJXHFUDFNJURZWKEHKDYLRXULQ67'GHSHQGV
RQWKHHQYLURQPHQWDQGOLNHPDQ\RWKHUQLFNHOEDVHGVXSHU-
DOOR\VLVVHQVLWLYHWRR[LGDWLRQDVVLVWHGLQWHUJUDQXODUFUDFNLQJ
(OAIC).±+RZHYHUIHZHUVWXGLHVDUHGHYRWHGWR$OOR\
IRUWHPSHUDWXUHVDERYH&EXWVRPHSDSHUVKRZHGWKDW
WKHDOOR\LVVHQVLWLYHWRLQWHUJUDQXODUFUDFNLQJDW&17
0HFKDQLFDOWHVWLQJVKRZVWKDW'$H[KLELWVDKLJKHU
WHQVLOHVWUHQJWKWKDQ67'10,QWKHSUHVHQWZRUNFUDFN
initiation in DA 718 during slow strain rate tensile tests is 
LQYHVWLJDWHGDWDQG&ZLWKRUZLWKRXWR[LGDWLRQ7KH
SXUSRVHLVWRFKHFNWKHHIIHFWVRIVWUDLQUDWHGRZQWRí sí)
DQGR[LGDWLRQRQGDPDJHLQLWLDWLRQ
7KHFULWLFDOPHFKDQLFDOORDGLQJSDWKVLQGXFLQJLQWHUJUDQX-
ODUFUDFNLQLWLDWLRQDUHGHWHUPLQHGYLDDGXDODSSURDFKREVHU-
YDWLRQRIFUDFNLQLWLDWLRQORFDWLRQVRQ9VKDSHGVSHFLPHQV
(Fig. 1DQGVXSSRUWLQJ¿QLWHHOHPHQW)(VWUHVVDQGVWUDLQ
FDOFXODWLRQV7RDVVHVVWKHUROHRIR[LGDWLRQLQFUDFNIRUPD-
WLRQWHVWVZHUHFRQGXFWHGXVLQJHLWKHUDODERUDWRU\DLURUYDF-
XXPHQYLURQPHQW)XUWKHUPRUHVRPHSUHR[LGLVHGVDPSOHV
ZHUHDOVRWHVWHG0HFKDQLFDOWHVWVZHUHVWRSSHGDWDGLIIHUHQW
VWUDLQOHYHOVVXEVHTXHQWO\GDPDJHLQLWLDWLRQVLWHVDQGWKHLU
FRUUHVSRQGLQJ RFFXUUHQFH IUHTXHQFLHV ZHUH LGHQWL¿HG DQG
UHFRUGHGWKDQNVWRGHWDLOHG6(0REVHUYDWLRQV
,QWKLVDUWLFOHPDWHULDODQGH[SHULPHQWDOSURFHGXUHVDUH
¿UVWGHWDLOHG1H[W WKH UHVXOWVRI WKHPHFKDQLFDO WHVWVDQG
6(0REVHUYDWLRQVDUHSUHVHQWHGDQGGLVFXVVHG
Material and samples
7KHLQYHVWLJDWHGDOOR\ZDVREWDLQHGIURPDGLUHFWDJHG
IRUJHGGLVFSURYLGHGE\61(&0$7KHFKHPLFDOFRPSRVL-
WLRQRIWKHDOOR\LVSUHVHQWHGLQ7DEOH1. In order to get
VDPSOHZLWKWKHJDXJHOHQJWKLQWKHFLUFXPIHUHQWLDOGLUHFWLRQ
WKHGLVFZDV¿UVWGLYLGHGLQWRVHFWLRQV7KHVHEORFNVZHUH
¿UVWURXJKO\PDFKLQHGWRREWDLQWUDSH]RLGVHFWLRQVORFDWHGLQ
WKHEXONZKHUHWKHPLFURVWUXFWXUHLVKRPRJHQHRXV)LJXUH1
VKRZVDQLOOXVWUDWLRQRIWKLVPLFURVWUXFWXUHFKDUDFWHULVHGE\
URXJKO\HTXLD[HGVPDOOJUDLQV±ȝPE\JOREXODUįSKDVH
DQGE\WKHSUHVHQFHRIRFFDVLRQDOFDUELGHVDQGFDUERQLWULGHV
SHUPP27KHDYHUDJHVXUIDFHIUDFWLRQRIWKHį precip-
LWDWHVLVEXWWKHGLVWULEXWLRQLVXQHYHQGXHWRIRUJLQJ
7KHSUHFLSLWDWHGLDPHWHU IROORZVD ORJQRUPDOGLVWULEXWLRQ
DQDYHUDJHGLDPHWHURIȝPDQGDPHGLDQGLDPHWHURI
ȝP$FFRUGLQJO\PRVWRIWKHSUHFLSLWDWHVKDYH
DGLDPHWHUVPDOOHUWKDQȝP'XHWRFLUFXODUIRUJLQJFDU-
ELGHVDUHRIWHQDOLJQHGLQWKHFLUFXPIHUHQWLDOGLUHFWLRQ$V
illustrated on Fig. 1 WKHįSKDVHLVORFDOLVHGPDLQO\LQWKH
JUDLQERXQGDULHV,PDJHDQDO\VLVOHGWRDYROXPHIUDFWLRQRI
globular įSKDVHRI&ODVVLFDOO\67'LVVROXWLRQ
DQQHDOHGDIWHUIRUJLQJKDW&IROORZHGE\DFRQYHQ-
WLRQDODJHLQJKHDWWUHDWPHQW&KIXUQDFHFRROHGDW
&K&K)RU'$WKH¿UVWVWHSLVVNLSSHG
7KHUHPDLQLQJįSKDVHSUHYHQWVJUDLQJURZWKGXULQJWKHVHF-
RQGVWHSDQGLPSURYHVIDWLJXHSURSHUWLHV,QDGGLWLRQWRWKH
intragranular Ȗƍ and ȖƎSUHFLSLWDWHVWKDWDUHDOVRREVHUYHGLQ
67'WKHJUDLQERXQGDULHVRI'$DSSHDUWREHµGHFR-
UDWHG¶ZLWKWKLQįSKDVHSUHFLSLWDWHVZKHUHQRJOREXODUįSKDVH
SUHFLSLWDWHVDUHREVHUYHG)LJ27KLVQDQRį platelets are
QPZLGHDQGFDQUHDFKVHYHUDOKXQGUHGQDQRPHWUHVORQJ
7KLVW\SHRISUHFLSLWDWLRQLVRIWHQREVHUYHGEXWQRWV\VWHP-
DWLF)XUWKHUPRUHDSUHFLSLWDWHIUHH]RQH±QPZLWKLV
DOZD\VREVHUYHGDURXQGWKHVHWKLQįSKDVHSUHFLSLWDWHV:KHQ
DOOR\ LV VXEPLWWHG WR VROXWLRQDQQHDOHGKHDW WUHDWPHQW
DIWHUIRUJLQJVXFKSUHFLSLWDWLRQDQG3)=RQJUDLQERXQGD-
ULHVLVQHYHUREVHUYHG7KLVYHU\SDUWLFXODUPLFURVWUXFWXUHRI
JUDLQERXQGDULHVLQ'$LVDNH\HOHPHQWIRUXQGHUVWDQG-
LQJLQWHUJUDQXODUFUDFNVLQLWLDWLRQ'XULQJVDPSOHSUHSDUDWLRQ
SDUWLFXODUFDUHZDV WDNHQQRW WRFKDQJH WKHPLFURVWUXFWXUH
especially in surface.
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$OO WKH VSHFLPHQVZHUHPDFKLQHG XVLQJ HOHFWULFDO GLV-
FKDUJH PDFKLQLQJ %HIRUH EHLQJ REVHUYHG RU WHVWHG WKH
VDPSOHVZHUHFDUHIXOO\SROLVKHGWRUHPRYHWKLVKHDWDIIHFWHG
]RQH7KHWKLFNQHVVRIWKH+$=GXHWRWKHPDFKLQLQJSURFHVV
DIIHFWLQJWKHDOOR\ZDVȝPDQGZDVGHWHUPLQHGZLWK6(0
DQG7(0REVHUYDWLRQV7KLVOD\HUZDVFDUHIXOO\UHPRYHG
WKDQNV WRVXFFHVVLYHSROLVKLQJZLWKVLOLFRQFDUELGHSDSHUV
RI GHFUHDVLQJ JULW VL]HV    DQG 3 7KH
SXUSRVHZDV WRREWDLQ DPLUURU VXUIDFH VWDWH DOORZLQJ WKH
REVHUYDWLRQ RI FUDFN LQLWLDWLRQ ,Q RUGHU WR HQKDQFH GDP-
DJHLQLWLDWLRQ9VKDSHGVSHFLPHQVZHUHXVHG)LJ7KH
9VKDSHGVSHFLPHQJHRPHWU\SURYLGHVDQDUHDLQWKHLQWUDGRV
RIWKH9ZKLFKORFDOLVHVVWUDLQDQGGDPDJH7KLVJHRPHWU\
was initially proposed by Totsuka et al.1819 as it enabled
HQKDQFHGVWUHVVLQJRIWKHVDPSOHVXUIDFHDQGKDVSUHYLRXVO\
been used on nickel-based alloys1720 for crack initiation stud-
LHV7KLV9VKDSHGVDPSOHJHRPHWU\LVXVHGWRSURPRWHGDP-
DJHLQLWLDWLRQIRUDVWUHVVWULD[LDOLW\GH¿QHGE\WKHUDWLRRI
WKHPHDQVWUHVVWRWKHHTXLYDOHQWVWUHVVUHSUHVHQWDWLYHRIUHDO
RSHUDWLQJFRQGLWLRQV+RZHYHUDVVWUHVVDQGVWUDLQDUHQRW
KRPRJHQRXVLQVXFKVDPSOHWHQVLOHWHVWVDUHWREHFRXSOHG
ZLWK¿QLWHHOHPHQW)(DQDO\VLVIRUWHVWGHVLJQDQGGLJLWDO
LPDJHFRUUHODWLRQ',&WRYDOLGDWH7KHIROORZLQJVHFWLRQ
ZLOOGHWDLOWKHVHWZRSRLQWV
Experimental procedures
)(FDOFXODWLRQVZHUHSHUIRUPHGWRGHWHUPLQHWKHVFDOHDQG
GLVWULEXWLRQRIWKHORFDOVWUHVVDQGVWUDLQWHQVRU¿HOGVVFDOHLQ
WKH9VKDSHGVSHFLPHQWKURXJKRXWDWHQVLOHWHVW7KHVH'FDO-
FXODWLRQVZHUHSHUIRUPHGXVLQJ=HEXORQ¿QLWHHOHPHQWFRGH21
WRJHWKHUZLWKDQHODVWLFYLVFRSODVWLFLVRWURSLFFRQVWLWXWLYHODZ
ZKLFKZDVLGHQWL¿HGE\DVWDQGDUGWHQVLOHWHVWísí) and
UHOD[DWLRQWHVWVRQWKHVWXGLHGPDWHULDO7KHREMHFWLYHRI)(
VLPXODWLRQVZDVWZRIROGRQWKHRQHKDQGGHIRUPDWLRQLQWKH
DSH[RIWKH9IRUDQLPSRVHGGLVSODFHPHQWRIWKHVSHFLPHQ
JULSZDVHYDOXDWHGDQGRQWKHRWKHUKDQGWKHUHVXOWVRIWKH
VLPXODWLRQVZLWKWKHGHIRUPDWLRQ¿HOGVREWDLQHGE\',&DUH
FRPSDUHG)RUWKLVSXUSRVHWKHSKRWRJUDSKVZHUHWDNHQZLWK
D&DQRQ(26'FDPHUDHTXLSSHGZLWKDPDFUROHQVDQGDQ
LQWHUYDOWLPHU2QWKHLPDJHVREWDLQHGWKHWKLFNQHVVRIWKH9
PPFI)LJZDVGH¿QHGE\SL[HOVFRUUHVSRQGLQJ
WRPLFURQVSHUSL[HO$VSHFNOHSDWWHUQDOXPLQDVSRWVZDV
DSSOLHGRQWKHPPWKLFNHGJHRIWKHVDPSOH7KLVGHSRVLW
ZDVPDGHWKURXJKDQDHURVROVROGE\0U&+(0,(&RPSDQ\
7KHVKRWVWKXVWKHVSHFNOHSDWWHUQFRXOGQRWEHPDGHRQWKH
IDFHVRI WKH9VLQFH WKHUHZRXOGEHFKDQJH LQ WKH VXUIDFH
FRQGLWLRQHVSHFLDOO\DULVNRIPDVNLQJFUDFNLQLWLDWLRQ7KH
LPDJHVZHUHDQDO\VHGXVLQJ$5$0,6VRIWZDUHGHYHORSHGE\
*20&RPSDQ\$XWRPDWLFFDOFXODWLRQVRIWKH'GLVSODFH-
PHQWVDQGRIWKHSODQHVWUDLQWHQVRUZHUHDFKLHYHGWKDQNV
WRWKLVVRIWZDUH
7KHWHQVLOHWHVWVZHUHFDUULHGRXWXQGHUDLURUXQGHUYDF-
XXPíPEDURQDVFUHZGULYHQ076WHVWLQJPDFKLQHDW
FRQVWDQWFURVVKHDGYHORFLWLHV7KUHHGLVSODFHPHQWUDWHV
DQGȝPVíZHUHXVHGWRLPSRVHWKUHHGLIIHUHQWVWUDLQUDWHV
7KHKHDWLQJRIWKHVSHFLPHQZDVVXSSOLHGE\DWKUHH]RQH
UDGLDWLYHIXUQDFH7KHWHPSHUDWXUHZDVFRQWUROOHGWKDQNVWR
WKUHH.W\SHWKHUPRFRXSOHVVSRWZHOGHGRQWKHVDPSOH8VLQJ
WKLVV\VWHPWHPSHUDWXUHJUDGLHQWVZLWKLQWKHVDPSOHVZHUH
PDLQWDLQHGEHORZ&6DPSOHVZHUHSUHKHDWHGIRURQHKRXU
EHIRUHWKHWHVWWRVWDELOLVHWKHVDPSOHDQGJULSVWHPSHUDWXUH
7KHJDXJH OHQJWK RI HDFK WHVWHG VDPSOHZDV H[DPLQHG
ZLWK D /(2 93 6(0 HTXLSSHG ZLWK DQ ('6 6\VWHP
3*7,0,;2EVHUYDWLRQVIRFXVHGRQWKHLQWUDGRVRIWKH9
îPP2DUHDZKLFKZDVH[SHFWHGWREHWKHSUHIHUHQWLDO
DUHDIRUGDPDJHDVVXEPLWWHGWRWHQVLRQ$V\VWHPDWLFVFDQRI
WKHDUHDZDVFRQGXFWHGWRORFDWHDQGPHDVXUHWKHOHQJWKRIWKH
FUDFNV,PDJHVZHUHPDGHXVLQJERWKVHFRQGDU\HOHFWURQDQG
backscattered electrons to identify cracks initiated on carbides 
RUFDUERQLWULGHV(DFKFUDFNZDVORFDOLVHGDQGPHDVXUHGDQG
WKHSUHVHQFHRIDSUHFLSLWDWHQHDUE\LVUHFRUGHG)LJXUH4a
LOOXVWUDWHVDFUDFNLQLWLDWHGRQDFDUELGHDQGSURSDJDWHGLQWKH
DOOR\ZKHUHDV)LJ4bVKRZVDQLQWHUJUDQXODUFUDFNLPLWDWLRQ
2QO\FUDFNVORQJHUWKDQȝPZHUHPHDVXUHG$VWDWLVWLFDO
10 m Carbides
phase
1  Typical microstructure of the alloy of this work. Optical 
microscopy etched using Kalling’s reagent
Table 1 Chemical composition of 718 alloy (weight %)
Ni Cr Fe Nb (+Ta) Mo Ti Al
50–55 17–21 Bal. 4.75–5.5 2.8–3.3 0.65–1.15 0.2–0.8
phase
PFZ
2  TEM observation of DA 718 grain boundary with thin 
ͣ phase on the GB and a precipitate-free zone (PFZ)
nearby the grain boundary
DQDO\VLVRIWKHFROOHFWHGGDWDLQFOXGLQJWKHQXPEHURIFUDFNV
SHUPP2DQGWKHIUDFWLRQRIFUDFNVOLQNHGWRDFDUELGHRUD
FDUERQLWULGHZDVDOVRGRQH7HVWVZHUHSHUIRUPHGDPLQLPXP
RIWZRWLPHVIRUUHSHDWDELOLW\1RVWDWLVWLFVRQWKHGHSWKRIWKH
FUDFNVLVDYDLODEOHLQWKHSUHVHQWVWXG\
Results
Finite element simulations
)LQLWHHOHPHQWVLPXODWLRQVKDYHEHHQFDUULHGRXWDWDQG
&DQGDOOWKHH[SHULPHQWDOFRQGLWLRQVKDYHEHHQFDOFX-
ODWHG7KHFRUUHVSRQGLQJGLVSODFHPHQWRIWKHVSHFLPHQJULS
RUPPZDVLPSRVHGDWDJLYHQGLVSODFHPHQWUDWH
DQGȝPVí)RUHDFKVLPXODWLRQZHREWDLQHGWKH
GLVSODFHPHQWYVORDGFXUYH)LJ5ZKLFKZDVFRPSDUHGZLWK
WKHH[SHULPHQWDOGDWDDQGWKHVWUDLQLQWKHDSH[LQWUDGRVRI
WKH9)LJZKLFKZDVFRPSDUHGZLWK',&UHVXOWV*RRG
DJUHHPHQWZDVREWDLQHG
$W & LQ WKH UDQJHRI FRQGLWLRQV WHVWHG WKH VWUDLQ
UDWHGRHVQRWVLJQL¿FDQWO\FKDQJHWKHIRUFHYVGLVSODFHPHQW
FXUYH7KHVSHFLPHQRSHQVRXWGXULQJWKHWHVWDQGWKHRSHQLQJ
RIWKHOHYHUDUPVZDVOLQNHGWRWKHJHRPHWU\RIWKHVDPSOH
7KHPD[LPXPFXPXODWLYHGHIRUPDWLRQZDVORFDOLVHGLQWKH
FHQWUHRIWKH9DQGIRUWKHPD[LPXPHORQJDWLRQRIPP
UHDFKHG)RULPSRVHGHORQJDWLRQVRIPPPPDQG
PPWKHFDOFXODWHGYDOXHVZHUHDQG7KHSODVWLF
]RQHZDVOLPLWHGWRWKHFHQWUHRIWKH9)LJ).
$W&VWUDLQUDWHHIIHFWVZHUHQRWLFHDEOHDVLOOXVWUDWHG
on Fig. 5$VIRUWKHVLPXODWLRQDQGWKHH[SHULPHQWWKHGLV-
SODFHPHQWZHUHLPSRVHGIRUDJLYHQGLVSODFHPHQWWKHVWUDLQ
¿HOGDW&ZDVYHU\VLPLODUWRWKHRQHDW&GXHWR
WKHPLQRUFRQWULEXWLRQRIHODVWLFLW\
7KHXVHRID9VKDSHGVSHFLPHQZDV WRHQVXUH ORDGLQJ
RIWKHVXUIDFHPDWHULDODQGWRSUHYHQWVWUHVVUHGLVWULEXWLRQ
VLPLODUWRDEHDPGXULQJDEHQGLQJWHVWDQGDVDUHVXOWVWUHVV
GHFUHDVHVLQWKHWKLFNQHVVRIWKHVDPSOH7KDQNVWR)(DQGWR
',&LWZDVSRVVLEOHWRFDOFXODWHWKHVWUDLQUDWHLQWKHFHQWUHRI
WKHVSHFLPHQDWWKHEHJLQQLQJRIWKHWHVW,QIDFWWKHVDPSOH
JHRPHWU\DQGWKHGLVSODFHPHQWUDWHKDYHEHHQFKRVHQXVLQJ
)(FDOFXODWLRQVLQRUGHUWRJHWDWWKHEHJLQQLQJRIWKHWHVW
WKHGHVLUHG WDUJHWVWUDLQUDWH LQ WKHFHQWUHRQ WKH9RQ WKH
LQWUDGRV7KHVWUDLQ¿HOGZDVXVHGWRFDOFXODWHWKHUHIHUHQFH
VWUDLQUDWHRIWKHWHVWZKLFKLVWKHVWUDLQUDWHLQWKHWHQVLOH
GLUHFWLRQRIWKHSRLQWRIWKHLQWUDGRVORFDWHGLQWKHPLGGOH
RIWKHVSHFLPHQ$QLPSRVHGGLVSODFHPHQWUDWHRIȝPVí
corresponded to a reference strain rate of 10í sí9DOXHVRI
10í and 10í síFRUUHVSRQGHGWRDQGȝPVí.
SEM observations of crack initiations
$JUHDW QXPEHU RI WHVWV  KDYH EHHQ FDUULHG RXW XQGHU
GLIIHUHQW FRQGLWLRQV 6(0REVHUYDWLRQVZHUH XVHG WR VFDQ
3 Sketch of V-shaped specimens
Crack initiated on a carbide 
4a  SEM observations examples of crack initiation on 
carbide. The tensile stress direction is indicated by the 
white arrow
Intergranular crack 
4b  SEM observations examples of intergranular crack 
initiation. The tensile stress direction is indicated by 
the white arrow
rates (10í and 10í sí FUDFN LQLWLDWLRQVZHUH OLQNHG WR D
SUHFLSLWDWHVFDUELGHVRUFDUERQLWULGHV7KHWHPSHUDWXUH
RU&RUWKHHQYLURQPHQWDLURUYDFXXPGLGQRWVHHP
WRFKDQJHWKHUHVXOWV:KHQWKHFXPXODWLYHVWUDLQH[FHHGHG
VRPHLQWHUJUDQXODUFUDFNLQLWLDWLRQVZHUHREVHUYHGDW
WKHUHIHUHQFHVWUDLQUDWHRIí síEXWWKH\UHSUHVHQWHGOHVV
WKDQRIFUDFNLQLWLDWLRQV
+RZHYHUIRUWKHWHVWVFRQGXFWHGDWWKHVORZHVWUHIHUHQFH
strain rate (10í síFUDFNLQLWLDWLRQZDVSUHGRPLQDQWO\LQWHU-
JUDQXODUERWK IRUYDFXXPDQGDLU WHVWV )LJ8 DQG WKHVH
LQWHUJUDQXODUFUDFNLQLWLDWLRQVZHUHORFDWHGZKHUHFXPXODWLYH
VWUDLQZDVODUJHUWKDQ)LJ97KXVVORZHUVWUDLQUDWHV
SURPRWHGLQWHUJUDQXODUFUDFNLQLWLDWLRQ&UDFNLQLWLDWLRQVZHUH
PRVWO\OLQNHGWRFDUELGHVIRUFXPXODWLYHVWUDLQVEHORZ
7HQVLOHWHVWVFDUULHGRXWXQGHUDLUJHQHUDWHGPRUHLQWHUJUDQX-
ODUFUDFNDW&WKDQDW&)LJ107KHRSSRVLWHWUHQG
ZDVREVHUYHGIRUYDFXXPWHVWV&UDFNGHQVLW\ZDVODUJHUE\D
IDFWRURIFRPSDUHGWRUHVXOWVREWDLQHGXQGHUDLU
,QRUGHUWREHWWHUXQGHUVWDQGWKHFRXSOLQJHIIHFWGXHWRR[L-
GDWLRQDGGLWLRQDOWHVWVZHUHSHUIRUPHG6RPHVDPSOHVZHUH
SUHR[LGLVHGDWRU&LQWKHWHQVLOHGHYLFHZLWKRXW
ORDGLQJDQGIRUWKHVDPHGXUDWLRQKDVWKHWHVWGXUDWLRQ
RIWKHORQJHVWWHQVLOHWHVWV$IWHUWKHVHKHDWWUHDWPHQWV6(0
REVHUYDWLRQVUHYHDOHGQRFUDFNLQLWLDWLRQLQWKHPDWUL[KRZ-
HYHUFDUELGHR[LGDWLRQDQGRUIUDFWXUHVZHUHQRWLFHG7KRVH
SUHR[LGLVHGVDPSOHVZHUHWKHQVXEPLWWHGWRVORZVWUDLQUDWH
WHQVLOHWHVWVDWWKHVORZHVWUHIHUHQFHVWUDLQUDWHí sí) under
GLIIHUHQWFRQGLWLRQV&±DLUYDFXXP
6XUSULVLQJO\LQWHUJUDQXODUFUDFNLQLWLDWLRQUDWHZDVORZHU
IRU SUHR[LGLVHG VDPSOHV )LJ 10 $QG IXUWKHUPRUH LW
GHFUHDVHGPRUHIRUWHVWVSHUIRUPHGXQGHUDLU7KHSUHR[L-
GDWLRQVHHPVWRLQKLELWLQWHUJUDQXODUFUDFNLQJLQWKH'$
ZKHQVORZVWUDLQUDWHVWHVWVDUHFRQGXFWHGXQGHUDLU,WVHHPV
WKDWWKHR[LGDWLRQKDVDEHQH¿FLDOHIIHFWRQWKHLQWHUJUDQXODU
FUDFNLQLWLDWLRQRILQWKLVDOOR\
Discussion
6RPHWHQVLOHÀDWVSHFLPHQVZHUHWHVWHGDWORZVWUDLQUDWHWR
FRPSDUHGDPDJHVEHWZHHQWKHVHWZRJHRPHWULHV)RUWKHVH
VDPSOHVWKHPLQLPXPDFKLHYDEOHVWUDLQUDWHZDVîí sí
DQGWKHJDXJHOHQJWKZDVWLPHVODUJHUWKDQWKHRQHRIWKH9
VDPSOHV+RZHYHUDWDQG&QRLQWHUJUDQXODUFUDFN
WKHDUHDRILQWHUHVW[PPRQWKHLQWUDGRVRIWKH97KHVH
FKDUDFWHUL]DWLRQVUHYHDOHGWKDWWKHODUJHUWKHLPSRVHGFXPXOD-
WLYHVWUDLQWKHODUJHUWKHQXPEHURIFUDFNLQLWLDWLRQV)LJ7).
)RU WKH WHVWVFRQGXFWHGIRU WKH WZRIDVWHVW UHIHUHQFHVWUDLQ
5  Comparison between experimental data and FE results for force / displacement curves obtained during the opening of 
the V at 650 °C. Tests carried out at in imposed displacement rate of 0.2 μm/s (res. 20 μm/s) corresponds to a reference 
strain rate of 10−6s−1 (res. 10−4s−1)
6  Comparison between of cumulative strain ﬁelds between 
DIC results. (a) Experimental results at 600 °C, after 5 mm 
elongation at in imposed displacement rate of 0.2 μm/s. 
The sample thickness is 1 mm. (b) FE simulations results 
in the centre of the intrados of the V, at 600 and 650 °C, 
after 5 mm elongation at in imposed displacement rate 
of 0.2 μm/s
7  Diagram showing the results obtained for crack initiations on carbides or carbonitrides. Metallographic analysis of the 
material showed an average of 134 particles (carbides or carbonitrides) per mm2 with very large heterogeneities
8  Diagram showing the results obtained for intergranular crack initiations as a function of the strain rate in the centre of 
the area where SEM observations were performed
9  Diagram showing the results obtained for intergranular crack initiations for the slowest reference strain rate (10−6s−1 
corresponding to an imposed displacement rate of 0.2 μm/s). Results are plotted as a function of the maximum cumulative 
strain in the center of the area where SEM observations were performed
67'DSSHDUVWREHDQLQKLELWLRQRILQWHUJUDQXODUFUDFNLQJ
,WLVNQRZQWKDWR[LGDWLRQRIQLFNHOEDVHGVXSHUDOOR\LQGXFHV
YDFDQF\LQMHFWLRQLQWKHDOOR\157KHVHYDFDQFLHVFKDQJHGLIIX-
VLRQNLQHWLFVRIVXEVWLWXWLRQDODWRPVDQGLQÀXHQFHGLVORFDWLRQ
PRELOLW\22 due to coupling effects between plasticity and
R[LGDWLRQ)XUWKHUPRUHVXFK LQWHUDFWLRQVEHWZHHQGLVORFD-
WLRQVDQGVROXWHVSHFLHVDUHNQRZQWRRFFXUGXULQJG\QDPLF
VWUDLQDJHLQJ'6$DQG3RUWHYLQ/H&KkWHOLHU3/&UHJLPHV
)RU67'VRPHDXWKRUVOLQNWKLVVSHFL¿FLQWHU-
JUDQXODU FUDFN LQLWLDWLRQ WR'6$7KH JUDLQ ERXQGDULHV RI
'$ DUH NQRZQ WR EHZHDNHU WKDQ WKRVH RI 67'
/RFDOFKHPLFDOFRPSRVLWLRQLQÀXHQFHVSODVWLFGHIRUPDWLRQ
DQGIDLOXUHPRGH1720GXHWRWKHUROHRILQWHUVWLWLDODWRPVVXFK
DVFDUERQR[\JHQDQGQLWURJHQ([SHULPHQWDOO\LWLVIRXQG
WKDWLIRQHORZHUVWKHDPRXQWRIFDUERQLQWHUVWLWLDOVLWDOVR
GHFUHDVHV LQWHUJUDQXODU FUDFN LQLWLDWLRQ DW  & ,Q WKH
FDVHRI'$JUDLQERXQGDULHVDUHHPEULWWOHGE\QDQR
GHOWDSKDVHSUHFLSLWDWHVDQGWKHUHLVDJUHDWKHWHURJHQHLW\RI
PHFKDQLFDOEHKDYLRXUEHWZHHQWKLVįSKDVHDQGWKHPDWUL[
LQWKH3)=7KLVPD\FRQWULEXWHWRVWUHVVFRQFHQWUDWLRQGXU-
LQJWHQVLOHWHVWV$FFRUGLQJWRSUHYLRXVVWXGLHV15R[LGDWLRQ
VRIWHQVDQGFKDQJHVWKHPDWHULDOPLFURVWUXFWXUHQHDUE\WKH
VXUIDFHGXHWRFKURPLXPGHSOHWLRQ(DVLHUGLVORFDWLRQPRWLRQ
DVVRFLDWHGZLWKYDFDQF\LQMHFWLRQGXHWRR[LGDWLRQPD\UHOD[
ORFDOVWUHVVFRQFHQWUDWLRQV7KHUHIRUHWKHVHSKHQRPHQDPD\
H[SODLQZK\ZLWKWKLVVSHFL¿FPLFURVWUXFWXUHR[LGDWLRQZDV
IRXQGWRLQKLELWLQWHUJUDQXODUFUDFNLQLWLDWLRQ
Conclusion
7KHREMHFWLYHRIWKHSUHVHQWVWXG\ZDVWRLQYHVWLJDWHPHFKD-
QLVPVIRULQWHUJUDQXODUFUDFNLQLWLDWLRQREWDLQHGGXULQJWHQ-
VLOH WHVWVSHUIRUPHGDWDQG&IRU'$DQGDW
FXPXODWLYH SODVWLF VWUDLQ YDOXHV EHORZ 'HSHQGLQJ RQ
WKHWHVWFRQGLWLRQVWKHIDLOXUHPHFKDQLVPPD\FKDQJHGUDVWL-
FDOO\IURPFUDFNLQLWLDWLRQORFDWHGRQFDUELGHVWRLQWHUJUDQXODU
GDPDJHLIVXI¿FLHQWSODVWLFVWUDLQPRUHWKDQLVFXPX-
lated at a slow strain rate (10í sí7KLVLQWHUJUDQXODUGDPDJH
GHYHORSPHQWDOVR UHTXLUHVVSHFL¿FVWUHVVFRQGLWLRQVDVQR
RFFXUUHQFHZDVREVHUYHGIRUVWUHVVWULD[LDOLW\RIEXWZDV
REVHUYHGIRU)XUWKHUPRUHR[LGDWLRQVHHPVWRLQKLELWWKLV
LQWHUJUDQXODUFUDFNLQLWLDWLRQ7KHVHUHVXOWVGLIIHUIURPWKRVH
REWDLQHGIRU67'XQGHUWKHVDPHFRQGLWLRQV,WLVK\SRWK-
HVLVHGWKDWWKHUROHRIWKHXQLTXHORFDOPLFURVWUXFWXUHDWWKH
JUDLQERXQGDU\LQWKH'$PD\H[SODLQWKHVHUHVXOWVDUH
LQLWLDWLRQZDVREVHUYHGIRUFXPXODWLYHSODVWLFVWUDLQ7KH
PDLQGLIIHUHQFHEHWZHHQ WKH WZRVDPSOHJHRPHWULHV LV WKH
VWUHVV WULD[LDOLW\ZKLFK LV ODUJHU DSSUR[LPDWHO\ IRU D
9VKDSHGVSHFLPHQLQVWHDGRIIRUDVWDQGDUGWHQVLOHVSHF-
LPHQ)XUWKHUPRUHLQD9VKDSHVSHFLPHQVXUIDFHVWUHVVLV
SURPRWHG&RPELQHGZLWKVSHFL¿FORDGLQJFRQGLWLRQVSODVWLF
VWUDLQFXPXODWHGDWDVORZVWUDLQUDWHWKHVHWHVWLQJFRQGLWLRQV
DSSHDUVWRFKDQJHWKHFUDFNLQLWLDWLRQEHKDYLRXU
Crack initiation due to carbide or carbonitride is widely rep
RUWHG89 especially for fatigue tests on DA 718 alloys. Strain
UDWHLVDSULPHRUGHUSDUDPHWHU7HVWVKLJKOLJKWDWKUHVKROG
between 10í sí and 10í síDQGWKHLQGHSHQGHQFHRIHQYL-
URQPHQWFRQGLWLRQVKDVEHHQREVHUYHG7KHVHUHVXOWVFRXOG
EHH[SODLQHGE\VSHFL¿FLWLHVRI'$7KHPLFURVWUXFWXUH
RIWKHJUDLQERXQGDULHVLQ'$VLJQL¿FDQWO\GLIIHUVIURP
WKHRQHLQ67'7KHSUHVHQFHRIįSKDVHDQGRIDSUHFLS-
LWDWHIUHH]RQH)LJ2DURXQG*%PXVWEHWDNHQLQWRDFFRXQW
ZKHQRQHLVGHDOLQJZLWKLQWHUJUDQXODUIUDFWXUH
6RPH DGGLWLRQDO FKDUDFWHUL]DWLRQV RI WKH LQWHUJUDQXODU
FUDFNV ZHUH PDGH SRVVLEOH WKDQNV WR WKH &DVWLQJ FHQWHU
6RPH ' FUDFN DQDO\VLV E\ IRFXVHG LRQ EHDP ),% FURVV
VHFWLRQLQJKDYHEHHQDFKLHYHG7KHPLFURVFRSHXVHGZDVD
)(,+HOLRVL,WLVDGRXEOHEHDPPLFURVFRSHFRPELQLQJ
DKLJKUHVROXWLRQ6(0DQGDIRFXVHGLRQEHDPZLWKJDOOLXP
LRQV,WLVDOVRHTXLSSHGZLWKDQ2[IRUG'('6VSHFWURP-
HWHU)RUWKHWHVWVFRQGXFWHGXQGHUYDFXXPR[LGHZDVQHYHU
REVHUYHGQHLWKHULQWKHFUDFNVQRULQWKHJUDLQERXQGDULHV)RU
WKHWHVWVFRQGXFWHGXQGHUDLUFUDFNVZHUHR[LGLVHGDQGR[\JHQ
HQULFKPHQWZDVQRWLFHGLQWKHJUDLQERXQGDU\DWWKHFUDFNWLS
7KHGHSWKVRIDOORIWKHREVHUYHGFUDFNVZHUHDOZD\VOHVVWKDQ
ȝP&URVVVHFWLRQVFRQGXFWHGRQXQFUDFNHGJUDLQERXQG-
DULHVUHYHDOHGQRR[\JHQHQULFKPHQW+RZHYHUDVRQO\VL[
FUDFNVZHUHLQYHVWLJDWHGQRVWDWLVWLFVRQWKHGHSWKRIWKHFUDFNV
DUHDYDLODEOH2EVHUYDWLRQVDWWKLVVFDOHGRQRWDOORZVHHLQJ
WKHFKDQJHVLQWKH3)=2QO\7(0FKDUDFWHUL]DWLRQVDWODUJHU
PDJQL¿FDWLRQVFDQUHYHDOWKHFKDQJHVLQWKHPLFURVWUXFWXUHDQG
HYHQFKHPLFDOFRPSRVLWLRQFKDQJHVLQ3)=GXHWRR[LGDWLRQ
%XWXQIRUWXQDWHO\LQWKLVVWXG\WKHWKLQVHFWLRQSUHSDUDWLRQ
IRU0(7KDVQRW\HWEHHQSRVVLEOHQHDUE\LQWHUJUDQXODUFUDFN
7KHVHQVLWLYLW\WRLQWHUJUDQXODUFUDFNLQLWLDWLRQRIFRQYHQ-
WLRQDOO\KHDWWUHDWHG67'FDQEHFRPSDUHGZLWKWKDWRI
'$DVUHVXOWVDUHDYDLODEOHLQWKHOLWHUDWXUH172024 for tests
FRQGXFWHGXVLQJWKHVDPHFRQGLWLRQV7KHUHVXOWVIRU'$
GLIIHUIURPWKRVHREWDLQHGIRUWKH67'7KHHIIHFWRIJUDLQ
ERXQGDU\ SUHFLSLWDWLRQ RQ WKH HQYLURQPHQWDO EHKDYLRXU RI
10  Diagram showing the results obtained for intergranular crack initiations for a 5 mm elongation (corresponding to 7% 
of cumulative strain in the centre of the V), for the slowest reference strain rate (10−6s−1 corresponding to an imposed 
displacement rate of 0.2 μm/s). Results are plotted as a function of experimental conditions. Tests are performed under 
air or vacuum, with or without 8 h of pre-oxidation at the test temperature
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